The mechanism of ion selectivity of OmpF-porin pores of Escherichia coli.
The OmpF porin from the outer membrane of Escherichia coli acts as a lightly cation-selective pore, allowing the diffusion of small cations and cationic molecules, whose Mr are a little larger than the threshold exclusion limit. To ascertain the mechanism of this cation selectivity, we have examined a possible influence of cationic solutes on the fluorescence emission and the circular dichroic spectrum of tryptophan residues of the porin trimer, searching for conformational change(s). The diffusion of cationic solutes was determined with the native and the amidated porins in the presence or the absence of the effector cations. The following results were obtained. (a) Cations, e.g. spermidine, caused fluorescence quenching in the native trimer, with a half-maximum fluorescence quenching at 11-18 microM. A change in the circular dichroic spectrum was also recorded at around 280 nm. (b) The dissociation constant of spermidine to the native trimer was calculated to be 16 microM as determined by the method of equilibrium dialysis. (c) The cation-caused fluorescence quenching was reversed when the carboxyl groups of the trimer were modified by the amidation reaction, though amidation of the trimer resulted in no significant change in the fluorescence intensity. (d) The diffusion rate of N-benzyloxycarbonyl-glycyl-L-prolyl-L-arginine p-nitroanilide through the native and the amidated porins was lowered in the presence and the absence, respectively, of cations. Both the extent of fluorescence quenching in the presence of cation and the rate of cation diffusion were inversely proportional to the number of amidated carboxyl residues. The relative fluorescence quenching of the porin trimer (the amidated versus the native) in the presence of cations was linearly related to the relative solute diffusion via the porin (the amidated versus the native). These results suggested that cations caused a conformational change in the trimer, resulting in an easier diffusion of the solutes. The results suggested further that a limited number of carboxyl groups in the pore interior are involved in the cation selectivity of OmpF-porin pores.